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ABSTRACT
Shafer, Bambi Duvall. M.S., Department of Biological Sciences, Wright State
University, 2010. An Assessment of White-tailed Deer (Odocoileus virginianus)
Dynamics, Management, and Impacts in Highly Fragmented Landscapes

Habitat and forage selection by deer can cause local extinction of plant species. In my research, I
asked: 1) How do deer population growth rates in urban parks change through time? 2) Are
culling rates and deer densities correlated? 3) Are browse rates on Trillium spp. and deer
densities correlated? I used FLIR deer census data from Davis Aviation and culling data from
Five Rivers MetroParks (Montgomery County, Ohio). I found that deer population growth rates
generally declined from 2003 to 2008. The number of deer culled was positively correlated to the
deer densities. The browse rates of Trillium spp. were not correlated to the deer densities in the
four parks studied in 2009. Present deer management appears to successfully control deer
densities. In the future, management efforts should focus on finding a single consistent method
for estimating deer densities within the parks, and identify a better browse indicator species.
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I. Introduction
When white-tailed deer (Odocoileus virginianus) become overabundant their
foraging behaviors and preferences can decrease the biodiversity of a system
(Augustine and DeCalesta 2003; Cote et al. 2004; Rooney 2009). A common
management problem is finding the appropriate deer densities that management
areas can sustain (Augustine and DeCalesta 2003). The land use surrounding
natural areas influences the foraging behaviors of deer and in turn, influences the
outcome of management practices (Anderson 1997; Augustine and DeCalesta
2003). These management problems have created a need for more efficient
management tools that will help determine the deer impacts in natural areas
(Waller and Alverson 1997). My research focused on the current management
practices of the Five Rivers MetroParks in the Dayton, Ohio area, and how those
practices have affected the deer population dynamics within the Five Rivers
MetroParks.

WHITE-TAILED DEER (Odocoileus virginianus)
Habitat Selection
White-tailed deer are found as far north as southern Canada, as far south as
northern South America, and throughout most of the United States. Their
widespread presence is a result of their ability to survive in a variety of habitats
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(Smith 1991; Roseberry and Woolf 1998). Among these habitats are various
forest types (e.g. old-growth and second-growth forests), agricultural lands (e.g.
grain crops and hay fields), prairies and meadows, and urban landscapes. Most
of these areas are fragmented lands whose varied landscapes and habitat types
mimic landscape variations created by natural processes that deer have become
well-adapted (Smith 1991).
The home range sizes of deer are well-defined, as deer are generally not
territorial (with the exception of bedding sites and estrous females) (Smith 1991).
Deer movements and home ranges are influenced by a variety of factors
including age (e.g. yearlings move farther away than other age classes), gender
(e.g. males move farther away and occupy larger home ranges than females),
deer density, social interactions (e.g. competition during rut and for fawning
habitat), latitude, season (i.e. changes in interaction with livestock, predators,
and the availability of food, water, and cover), and habitat characteristics (Porter
et al. 1991; Smith 1991). These factors lead to annual home ranges sizes that
range from 59 to 520 ha (Smith 1991). In addition, research by McNab (1963)
found that the home range size of mammals is dependent on the body size of the
mammal. Here, larger body sizes require more energy and, in turn, require a
greater area to meet energy needs (McNab 1963). Research focused on the
social interactions of deer has found that deer exhibit a high degree of fidelity for
their summer (May though November; average home range size 225 ha) and
winter (December through May; average home range size 135 ha) yards
regardless of significant improvements in the quality of other habitats (Porter et
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al. 1991). The actual size of individual home ranges is negatively correlated with
the amount and type of vegetative cover (e.g. group size is inversely related to
amount of cover) and habitat diversity (Smith 1991). Keeping this in mind, patchy
environments tend to result in linear home ranges where homogenous
environments tend to result in more circular home ranges (Smith 1991).
Although deer can survive in a variety of habitats, the carrying capacity
among different habitats varies greatly (Smith 1991). The ability of deer to inhabit
an area may be ecologically limited by factors such as food availability, winter
severity, amount of precipitation, and landscape structure (e.g. adequate
vegetative cover) (Smith 1991; Roseberry and Woolf 1998). Past research has
found that deer density is correlated to the number and structure of forest
openings (Smith 1991). For instance, the presence of agricultural crops improves
habitat quality by providing a year-round food source and thus promotes higher
deer densities (Porter et al. 1991; Smith 1991; Anderson 1997; Roseberry and
Woolf 1998). The foraging areas and behaviors of deer may be limited by the
predation risk of an area as well (Brown et al. 1999; Ripple and Beshta 2004). In
light of all of the factors mentioned above, deer populations are able to increase
exponentially even when the habitat quality is poor (Smith 1991).
In addition to the factors mentioned above, there are a few patterns used to
describe how deer choose their habitats. One pattern, first applied to birds, is
ideal free distribution (Fretwell and Lucas 1970; Kohlmann and Risenhoover
1997). Here, a habitat will be filled regardless of the richness of its resources but
rather based on the amount of net energetic or nutritional profit of food for the
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individual (Fretwell and Lucas 1970; Krebs and Davies 1993; Kohlmann and
Risenhoover 1997). In the absence of territoriality, competitors will occupy and
use habitats at rates that are equally profitable (Fretwell and Lucas 1970; Krebs
and Davies 1993; Kohlmann and Risenhoover 1997). In other words, individuals
will distribute themselves according to the location of the most profitable food
resources available (Fretwell and Lucas 1970; Krebs and Davies 1993;
Kohlmann and Risenhoover 1997). Research has found that as herbivore
densities increase, food selectivity decreases and vice versa (Augustine and
McNaughton 1998). While this pattern is not specific to deer, there have been
studies on its application by deer for habitat selection (Kohlmann and
Risenhoover 1997).
Another pattern used to describe habitat selection by deer is termed the ‘rose
petal hypothesis’ (Porter et al. 1991). This hypothesis is based on the social units
exhibited primarily by female white-tailed deer (Porter et al. 1991; Miller et al.
2010). In these studies, deer have been found to be matriarchal with the females
becoming permanent residents of the area in which they were born (i.e. move
less than 5 km from doe parent) (Porter et al. 1991). Female offspring and their
siblings comprise the family units in a social group, and their female offspring
comprise additional family units in another social group, and so on and so forth
(Porter et al. 1991). Each new family unit occupies a home range that slightly
overlaps that of its doe parent, with the oldest (and likely dominant) female’s
home range at the center of those surrounding and slightly overlapping it (Porter
et al. 1991). The younger females’ home ranges thus overlap and further extend

4

the total area of land covered by the social unit (Porter et al. 1991). While greater
than 80 percent of males disperse away from their doe parents, the necessity of
being near females for breeding results in little spatial expansion in terms of
habitat size (Porter et al. 1991). The pattern created by the overlapping of home
ranges extending out from a center home range is hypothesized to resemble the
petals of a rose (Porter et al. 1991).

Deer Overabundance
Over the years, the goals set by wildlife biologists for deer populations have
evolved from deer conservation to deer management. This change began in the
1940s and 1950s when Aldo Leopold created a stir about the potential negative
impacts of deer overabundance (Waller and Alverson 1997; Cote et al. 2004;
Ripple and Beschta 2005). Since then, defining deer overabundance for
individual areas has become a problem in wildlife management.
Caughley (1981) categorized animals as overabundant when they: 1) become
a threat to human life or livelihood, 2) exceed a sustainable population size, 3)
negatively affect the densities of other species, and 4) become a source of
ecosystem dysfunction. Deer impacts fit into all of these categories. Deer
overabundance can be caused by increases in restrictive game laws, decreases
in hunting and predation pressures, moderate climates, and changes in habitat
and forage availability (Anderson 1997; Waller and Alverson 1997; Brown et al.
2000; Augustine and DeCalesta 2003; Rooney and Waller 2003; Cote et al.
2004). As a result of overabundance, deer impacts include: loss of economic
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resources (e.g. for forest and agriculture industries, personal gardens, and
vehicle collisions (Finder et al. 1999), transmission of infectious diseases (to
other deer as well as other species such as humans), alteration of forest species
(plant and animal) composition, and alteration of competition among forest
inhabitants (Waller and Alverson 1997; Cote et al. 2004).
The above mentioned impacts of deer categorize them as keystone species
(Waller and Alverson 1997; Gill and Beardall 2001; Scheffer et al. 2001;
Augustine and DeCalesta 2003; Rooney and Waller 2003; Ripple and Beschta
2005). Waller and Alverson (1997) defined a keystone species as one that: 1)
affects other species’ abundance and distribution (e.g. tree seedlings), 2) affects
the composition of other species by altering their competitor’s abundance (e.g.
herbaceous plants), and 3) affects the composition of species by altering the
abundance of species at other trophic levels (e.g. species at higher trophic
levels). Several studies have found that high deer densities tend to be negatively
correlated with species richness and diversity of trees (Anderson 1997; Waller
and Alverson 1997, Gill and Beardall 2001; Augustine and DeCalesta 2003;
Rooney and Waller 2003; Cote et al. 2004). Due to all of these effects, keystone
species can have relatively large impacts on ecosystems (Waller and Alverson
1997; Rooney 2009). The term keystone species was once reserved for
carnivores at higher trophic levels (Waller and Alverson 1997). However, the
term now pertains to species at any trophic level (Waller and Alverson 1997).
While these species may not exert the direct effects of top predators (e.g.
consumption), their effects have greater impacts on ecological interactions
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(Waller and Alverson 1997; Rooney and Waller 2003). Often the impacts of
keystone species are not seen until many years later when they may have
become a large problem (Waller and Alverson 1997; Rooney 2001). For
example, the selective foraging of white-tailed deer may alter the species
structure and composition of some areas by exhausting all of the palatable
species thereby allowing less preferable and more browse-tolerant species to
take over (Waller and Alverson 1997; Gill and Beardall 2001; Scheffer et al.
2001; Rooney and Waller 2003; Cote et al. 2004; Rooney 2009). When this shift
in plant species occurs, the ecosystem is shifted to an alternative stable state
with decreased plant biodiversity (Scheffer et al. 2001). Research on biotic
homogenization has found that deer browsing shifted the study site’s herbaceous
layer to a graminoid dominant (83%) community (Rooney and Waller 2003;
Rooney 2009). On the other hand, as a keystone species (i.e. able to disperse
seeds, affect future canopy composition and competition, create trophic
cascades, etc.), an absence or drastic decrease in deer densities can have an
equally negative impact on ecosystems (Waller and Alverson 1997; Gill and
Beardall 2001; Scheffer et al. 2001; Augustine and DeCalesta 2003; Rooney and
Waller 2003; Ripple and Beschta 2005). This dilemma creates a common
problem for wildlife managers and is the focus of my research.
No deer density number fits all areas. As a rule of thumb, managers try to
keep deer densities at 20 deer/mile!, a number resulting from research by
Tilghman (1989). However, this number may be too high for some areas and too
low for others. While one would assume that large intact systems are better able
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to support higher deer densities (Augustine and DeCalesta 2003), that may not
always be true (Gill and Beardall 2001; Cote et al. 2004; Rooney 2009). Deer
impacts are not necessarily proportional to deer density (Cote et al. 2004). The
effects of deer on the species composition of an ecosystem is dependent on
many confounding factors (Gill and Beardall 2001; Augustine and DeCalesta
2003). A small area with optimal (e.g. adequate moisture, light, and nutrients)
growth conditions for vegetation, may be better able to cope with and support
deer browsing than a larger area with less than optimal conditions (Gill and
Beardall 2001; Augustine and DeCalesta 2003; Cote et al. 2004). Parks
surrounded by low-quality forages may support less deer than those surrounded
by high-quality forages (e.g. agricultural crops) (Augustine and DeCalesta 2003).
In mature forests there may be less alternative forage available and therefore
greater browsing pressure per deer (Anderson 1997). In states like Ohio, the lack
of predators and severe winters in some large mature forests may lead to more
severe browsing pressure (Augustine and DeCalesta 2003). While other states
have experienced decreases in white-tailed deer numbers (especially fawns) due
to coyotes (which are present in Ohio) ( Stout 1982; Whittaker and Lindzey
1999), there are no known studies or observations of coyote impacts on deer
populations in Ohio. White-tailed deer can thrive in fragmented habitats (Smith
1991; Anderson 1997; Roseberry and Woolf 1998; Augustine and DeCalesta
2003). An example of this can be found in research by McNab (1963), whom
found that ‘croppers’ (i.e. grazers; e.g. deer) are less limited by food shortages
than granivores due to the availability of each food source. Urban settings further
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add to the ecological impacts of fragmentation as a result of public opposition to
deer management (Anderson 1997). Keeping all of these factors in mind, the
goal of wildlife managers, is to find the deer density that individual ecosystems
can sustain without greatly impacting the structure and composition of the other
inhabitants of the ecosystem.

Determining overabundance with deer browse indicator species
The results of deer overabundance are often subtle at first and take time to
exhibit the full depth of their impacts on an ecosystem (Waller and Alverson
1997). These slow but often devastating ecosystem changes have resulted in the
need for an early warning method of quantifying deer impacts in an area (Waller
and Alverson 1997). Indicator species have become one of many tools used to
meet this need. These species are defined as those that can be used to provide
an efficient, yet accurate, index of browsing pressure that is representative of the
browsing pressure experienced by the vegetation as a whole (i.e. constant ratio
to the size of the population) (Anderson 1994; Anderson 1997; Schwarz and
Seber 1999; Augustine and DeCalesta 2003). Indicator species should be
selected according to grazing preference and sensitivity to herbivory (Rooney
2001; Augustine and DeCalesta 2003). A major benefit of the indicator species
approach is that plants are easier to monitor than deer densities (Augustine and
DeCalesta 2003). However, there are some limitations to the utility of indicator
species as an index of browsing pressure. Confounding variables such as
hunting pressure, landscape, habitat fragmentation, and availability of alternative
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food sources can limit the validity and reliability of an indicator species approach
to monitoring deer densities and their impacts on an area (Augustine and Jordan
1998; Augustine and DeCalesta 2003; Kirschbaum and Anacker 2005).
An indicator genus that has been widely used in states surrounding Ohio is
Trillium spp. While many studies have found Trillium spp. to be a useful index of
deer browsing pressure (Anderson 1994; Knight 2003; Rooney and Gross 2003;
Knight 2007; Knight et al. 2009), studies by Augustine and Jordan (1998) and
Kirschbaum and Anacker (2005) have found Trillium spp. inadequate when used
as the sole indicator of deer impacts. The presence of Trillium spp. in Ohio and
its wide use in surrounding states, has prompted the analysis of its utility in deer
management programs discussed in this study.

SIGNIFICANCE FOR PARKS AND NATURAL AREAS
Five Rivers MetroParks, as their name implies, are highly fragmented natural
areas in urban, suburban, and agricultural landscapes in the Dayton, Ohio area.
In this thesis, I will only be referring to Five Rivers MetroParks when the word
MetroParks or acronym FRMP appears. Due to their locations and surrounding
land use, their forested lands are significantly isolated from each other. This
fragmentation makes conservation more challenging than in less fragmented
areas (Anderson 1997; Augustine and DeCalesta 2003). As an organization, the
goal and mandate of Five Rivers MetroParks is focused on the conservation and
restoration of natural areas. MetroPark land varies from prairies and meadows to
wetlands and forests. White-tailed deer (Odocoileus virginianus) inhabit many of
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these areas. These deer have become overabundant and, as a result of their
habitat selection and foraging preferences, have likely impacted the MetroParks
by altering the forest species composition (Cote et al. 2004). As previously
mentioned, deer have an ability to thrive in fragmented ecosystems (Smith 1991;
Anderson 1997; Roseberry and Woolf 1998; Augustine and DeCalesta 2003).
The conservation mandate required of the MetroParks and the potential threat of
deer to the biodiversity (Waller and Alverson 1997; Scheffer et al. 2001; Cote et
al. 2004; Rooney 2009) of the parks, have created the need for a method of
determining a sustainable number of deer for each MetroPark.
In an effort to help alleviate this problem, my research was based in Five
Rivers MetroParks in Montgomery County, Ohio. More specifically, my research
focused on Englewood, Germantown, Shiloh Woods, and Taylorsville
MetroParks. The location and conservation goals of the MetroParks provided an
ideal study area for the impacts of deer in heavily fragmented forests. My
research employed the use of an indicator species approach to determine
suitable deer densities for the parks. In order to examine the relationship
between deer densities and browse rates, I researched the deer browse rates on
Trillium grandiflorum and Trillium flexipes populations within the MetroParks.
These Trillium spp. were chosen as they are not only preferred by white-tailed
deer but they are also browse sensitive and thus useful as indicator species
(Anderson 1994; Knight 2003; Rooney and Gross 2003; Knight 2007; Knight et
al. 2009). The use of an indicator species could provide information about deer
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impacts on other preferred species (Anderson 1994; Anderson 1997; Schwarz
and Seber 1999; Augustine and DeCalesta 2003).
While my research focused on the MetroParks, it has implications for
management problems and strategies that are currently experienced by many
parks and natural areas. Many of these areas have been affected by the
devastating impacts caused by common practices such as deforestation and
fragmentation (Anderson 1997; Augustine and DeCalesta 2003). These practices
have led to an overabundance in deer densities that can lead to decreased
species diversity (Augustine and DeCalesta 2003; Rooney and Waller 2003;
Cote et al. 2004) and public safety (Finder et al. 1999).

RESEARCH FOCUS
In my research I asked: 1) How do the deer population growth rates (per park
and among the researched parks as a whole) change through time? 2) Is there a
correlation between the culling rates and the changes in deer densities (per park
and among the researched parks as a whole) through time? 3) How does the
land use surrounding natural areas influence the impacts of deer on those areas?
4) Is there a correlation between the browse rates of Trillium spp. in a natural
area and the deer numbers in that area?
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II. BACKGROUND INFORMATION AND RELATED STUDIES
DEER DENSITY MEASUREMENTS
In order for a deer management program to be successful (i.e. maintain deer
populations to a level that their habitat can sustain), it is crucial for it to have an
accurate and reliable method of measuring deer densities. Therein lies the
problem that all researchers and game managers face. Just as there is no one
‘best’ deer density (e.g. 20 deer/mi!) for all areas, there is no one best density
measurement for all areas and situations (Schwarz and Seber 1999). The first
step in determining which method of density estimate to use depends on whether
the population is ‘closed’ or ‘open’ (Schwarz and Seber 1999). Once the type of
population is determined, the researcher needs to determine which methods are
most suited for the study population as well as the situations (i.e. resources,
funding, landscape, etc.) characterizing the study area (Schwarz and Seber
1999). All methods have their advantages and disadvantages (i.e. limitations).
Observer bias, underlying assumptions, probability of detection, lack of
guidelines, sampling variability (e.g. variability in parameters and estimates), and
researcher experience are just a few of the problems associated with scientific
models and density estimates (Schwarz and Seber 1999). Schwarz and Seber
(1999) suggest the use of a combination of “good” methods and models from
which an average can be derived.
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Here, I focus on methods that have been used for deer density estimates. A
summary of findings is given in Table 1. As deer population densities change
through processes such as immigration and emigration, they are considered to
be an ‘open’ population and the methods used to measure them should be
designed as such (Schwarz and Seber 1999). Some of the methods used in the
past and present include spotlight surveys, road counts, vehicle collision reports,
road kill reports, pellet counts, distance sampling, harvest data, hair snares, and
aerial surveys (with and without infrared sensing) (Buckland et al. 2001; Potvin et
al. 2004; Drake et al. 2005; Potvin and Breton 2005; Belant et al. 2007; Forsyth
et al. 2007).
The use of forward-looking infrared radar (FLIR) aerial surveys is a newer
management tool that is increasing in use and popularity. These surveys detect
body heat (using thermal infrared sensing) and denote deer by the size of their
heat signal (Drake et al. 2005). This method is performed by an aircraft (usually a
helicopter or small plane) that has a FLIR infrared camera mounted underneath it
(Drake et al. 2005; Potvin and Breton 2005). During flight, the aircraft uses a
Global Positioning System (GPS) to follow a pre-determined transect pattern
(Drake et al. 2005; Potvin and Breton 2005). All images are recorded either using
video (Drake et al. 2005) or on paper by another observer in the aircraft. At least
two observers employ the use of the double-count method in order to prevent
observer bias (Drake et al. 2005; Potvin and Breton 2005). Some of the
advantages of this type of deer density measurement/surveys are that they can
be used in a variety of habitats (including those that have limited ground access),
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they are less intrusive than spotlight surveys, they can cover a large area in a
short amount of time, and they are more accurate and complete counts (Drake et
al. 2005; Potvin and Breton 2005). Some disadvantages are that these surveys
can be expensive (usually around $2/acre), there can be misidentification of nondeer animals, detection depends on tree canopy cover, and ability to use this
method requires optimal flight (and therefore ready and available staffing) and
environmental (e.g. during winter to minimize canopy cover) conditions (Drake et
al. 2005; Potvin and Breton 2005). Some studies have aerial surveys performed
only around the study area circumference and use the measurement to estimate
deer densities for the entire forest area (Augustine and DeCalesta 2003). These
estimates may be done to decrease research costs but can result in inaccurate
deer density measurements and therefore invalid research. Studies by both
Drake et al. (2005) and Potvin and Breton (2005), found this method of deer
density measurement to be a reliable and credible management tool (in all but
closed canopy areas) that is useful to conservationists, hunters, and concerned
public individuals.
The pellet-group count method is typically done around a specified radius of
the study area (Augustine and Jordan 1998; Augustine and DeCalesta 2003;
Kirschbaum and Anacker 2005; Forsyth et al. 2007). This method also employs
the use of a GPS to navigate transects (Forsyth et al. 2007). Here, researchers
count the number of intact pellets (i.e. those consisting of all of the defecated
material) and the number of groups of intact pellets (Forsyth et al. 2007). An
advantage of this method is the ease of use and low cost. The disadvantages of
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this method include the incidence of human error, ground cover affects visibility
of pellet-groups, and the method assumes that pellet-group counts are linearly
related to deer density (Forsyth et al. 2007).
Another method of deer density measurements (as mentioned above)
involves the use of distance sampling techniques. Distance sampling accounts
for variations and difficulty in deer sightings (i.e. sightability difficulties) that are
used for deer density estimates. This method measures the distance between
the observer and the animal. Similar to the previous two methods, distance
sampling also employs the use of a GPS system to navigate researchers along
transects. Density measurements from small areas are then used to estimate the
densities of the whole area. A program that is useful in analyzing the data from
these surveys is the DISTANCE program. The main advantage of this method is
that it takes into account the deer that are present but not seen. Other
advantages are that distance sampling is less expensive than aerial FLIR
surveys and it is more practical than trying to count “every” deer in an area. The
main disadvantage of this method is that you need to get an adequate transect
width so that you do not miss animals in your survey. (Buckland et al. 2001).
A disadvantage of all of the methods above mentioned is that they cannot
factor in deer migration between forest fragments (Augustine and DeCalesta
2003). An exception to this disadvantage is found in the way some aerial FLIR
surveyors (e.g. Davis Aviation and Five Rivers MetroParks) classify their data.
These surveyors include deer sensed within a set perimeter outside an area’s
boundary as part of the area’s deer population. Here, they are taking into deer
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migration into account. The measurements can also be inadequate depending on
the time of year they are taken when they are to be used in combination with
other research methods such as plant sampling. In this case, pellet-group counts
may be a more accurate measurement of “current” deer densities because they
are taken in the spring (Augustine and Jordan 1998, Augustine and DeCalesta
2003; Kirschbaum and Anacker 2005) whereas aerial surveys are typically done
in the winter (Augustine and Jordan 1998; Augustine and DeCalesta 2003).
Some studies have opted to perform both pellet-group and aerial counts
(Augustine and Jordan 1998; Augustine and DeCalesta 2003). A combination of
methods such as these seems like it would provide more accurate deer density
measurements because a larger area would be covered by aerial FLIR surveys
and the data would be up to date as a result of the timing of pellet-group counts.
The MetroParks have used a combination of deer density measurements (e.g.
aerial surveys, distance sampling-based spotlight surveys, and harvest data) in
their research. For my study I will use FLIR surveys alone, as they are the only
consistent census method that has been used in the MetroParks.
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Table 1. Comparison of methods used to monitor deer populations.
!"#$%&'()'"&(#%(*%+,#%-(&""-(.%.)/0#,%+'(
((
4.%#/,:$#(
')-;"2'(

6%0&(
8%)+#'(
6%0&(C,//(
-".%-#'(

H"//"#(
5%)+#'(

B,'#0+5"(
'0*./,+:(

M0-;"'#(
&0#0(

12."(%3(
*"0')-"*"+#(

&"+',#2(

&"+',#2(

4.0#,0/(
'50/"(

'*0//(

'*0//(

6"/,07,/,#2(

*%&"-0#"(

/%<(

8%'#(

/%<(

/%<(

4"0'%+0/(

=%(

=%(

90'"(%3(
)'"(

4%)-5"(

/,*,#"&(

45$<0->(0+&(
4"7"-(?@@@A(B-0C"(
"#(0/D(EFFGA(H%#;,+(
0+&(I-"#%+(EFFG(

/,*,#"&(

45$<0->(0+&(
4"7"-(?@@@A(B-0C"(
"#(0/D(EFFGA(H%#;,+(
0+&(I-"#%+(EFFGA(
I"/0+#("#(0/D(EFFJ(

.%.)/0#,%+(
#-"+&'(

/0-:"(

/%<(

/%<(

=%(

"0'2(

,+&"L(

'*0//(

/%<(

/%<(

=%(

/,*,#"&(

&"+',#2(

'*0//(

*%&"-0#"(

/%<(

=%(

/,*,#"&(

K,+&"-("#(0/D(?@@@A(
H%#;,+(0+&(I-"#%+(
EFFGA(I"/0+#("#(0/D(
EFFJ(
45$<0->(0+&(
4"7"-(?@@@A(B-0C"(
"#(0/D(EFFGA(H%#;,+(
0+&(I-"#%+(EFFGA(
K%-'2#$("#(0/D(
EFFJ(
45$<0->(0+&(
4"7"-(?@@@A(
I)5C/0+&("#(0/D(
EFF?A(B-0C"("#(0/D(
EFFGA(H%#;,+(0+&(
I-"#%+(EFFG(

N"'(

/,*,#"&(

45$<0->(0+&(
4"7"-(?@@@A(B-0C"(
"#(0/D(EFFGA(H%#;,+(
0+&(I-"#%+(EFFGA(
I"/0+#("#(0/D(EFFJ(

N"'(

/,*,#"&(

N"'(

/,*,#"&(

.%.)/0#,%+(
#-"+&'(

/0-:"(

*%&"-0#"(

/%<(#%(
*%&"-0#"( $,:$(

M0,-(
'+0-"'(

,+&"L(

'*0//(

KOP6(
')-;"2'(

&"+',#2(

/0-:"(

$,:$(

18

/%<(

$,:$(

I"/0+#("#(0/D(EFFJ(
45$<0->(0+&(
4"7"-(?@@@A(
H%#;,+(0+&(I-"#%+(
EFFQA(B-0C"("#(0/D(
EFFGA(H%#;,+(0+&(
I-"#%+(EFFG(

LAND USE ANALYSIS
Although the land use surrounding and within a natural area is an important
factor in deer management success, it is rarely analyzed and accounted for in
management strategies (Anderson 1997; Augustine and DeCalesta 2003). Land
use analysis is important for Midwestern parks and natural areas because these
protected areas often exist in highly fragmented landscapes and many
experience high deer densities (Anderson 1997; Augustine and DeCalesta 2003).
Habitat fragmentation is known to increase the edge effects on the habitat and its
inhabitants (Anderson 1997). In forests and other natural areas, this potentially
increases the foraging impacts that deer have in the landscape because deer are
able to move among and between different habitat types more freely than other
organisms (Smith 1991; Anderson 1997; Augustine and DeCalesta 2003).
Organisms such as salamanders have smaller home ranges and therefore tend
to be more vulnerable to food depletion in fragmented landscapes (McNab 1963;
Anderson 1997; Waller and Alverson 1997; Augustine and DeCalesta 2003; Cote
et al. 2004). The foraging impacts of deer are also influenced when a natural
area is surrounded by residential development (Anderson 1997; Augustine and
DeCalesta 2003). One negative impact caused by residential developments that
surround a natural area is the absence of hunting or predation pressure on deer
in the immediate landscape (Anderson 1997; Roseberry and Woolf 1998;
Augustine and DeCalesta 2003). Moral and safety issues and concerns limit, and
sometime prohibit, the amount and type of hunting in an area (Brown et al. 1999;
Augustine and DeCalesta 2003). In this sense, residential areas serve as a
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habitat in which deer can forage on alternative food sources (i.e. nitrogenfertilized ornamental landscaping) in the refuge of a ‘harvest-free’ zone
(Roseberry and Woolf 1998). Here, deer have further expanded the amount of
exploitable habitat regardless of human presence (Roseberry and Woolf 1998).
Fragmented natural areas are often broken up by agricultural land (Anderson
1997; Roseberry and Woolf 1998; Augustine and DeCalesta 2003). Agricultural
crops are often an alternative, and sometimes preferred, food source for deer
(Augustine and DeCalesta 2003). Agricultural areas, like residential areas, allow
deer to exploit other forage resources in the absence of suitable forest resources
(Anderson 1997; Roseberry and Woolf 1998). Deer can forage on crops as they
are growing and after they are harvested (i.e. leftover grain) (Anderson 1997). In
states where forests are highly fragmented and agricultural lands dominate (e.g.
in Illinois >54% of land is row crops), researchers have found that deer density is
regulated more by deer harvest than by habitat (Roseberry and Woolf 1998). In
addition, when agricultural crops are harvested, deer lose their cover and
disperse back into forested areas where they concentrate their foraging during
the winter and spring (Anderson 1997). This spatial alteration in browsing
patterns further spreads the impact deer have on plant species in multiple
habitats (Anderson 1997).
The large home ranges, browsing habits, seasonal movements, and
disproportionate deer density-to-deer impact ratios of white-tailed deer (as
previously mentioned) are only a few of the factors that have created the need for
land use analysis in deer management plans. Wildlife managers need to know
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the surrounding forage availability and land use so that they can manage deer
densities accordingly (Augustine and DeCalesta 2003). Natural areas with poor
quality forage in the surrounding landscape matrix need to have deer culled at
higher rates to reduce the increased foraging impacts of deer within the area and
vice versa (Augustine and DeCalesta 2003). In landscapes with high quality
forage patches, deer tend to move among habitat patches, thereby decreasing
their overall impact on any one patch (Augustine and DeCalesta 2003). The
movement of deer back into forested areas following crop harvests (usually
during the winter and hunting season), seasonally confines deer to a smaller
home range thereby making them more vulnerable to culling (Anderson 1997;
Roseberry and Woolf 1998; Augustine and DeCalesta 2003). This factor greatly
influences management success when considering that deer have vast home
ranges (40-220 ha for females and 100-320 ha for males) that often impede
accurate deer density measurements and culling rates (Augustine and DeCalesta
2003). While land use analysis should be included in a management plan, it
should not be the only ‘tool’ used. The many factors that influence habitat
selection and browsing pressure of deer require that land use analysis be used in
conjunction with other deer management analyses.
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TRILLIUM AS AN INDICATOR SPECIES FOR DEER OVERABUNDANCE
Trillium spp. are perennial, understory herbs that grow in deciduous forests,
with many species found in the eastern United States (Augustine and DeCalesta
2003; Knight 2003; Rooney and Gross 2003). As a result of their widespread
occurrence and their preference by deer (Augustine and DeCalesta 2003),
Trillium spp. have been used in many studies as indices of deer foraging
behaviors and their resulting impacts on a natural area (Anderson 1994;
Augustine and DeCalesta 2003; Kirschbaum and Anacker 2005; Knight 2003;
Knight 2007; Knight et al. 2009; Rooney and Gross 2003). Studies that used
Trillium spp. in this manner have been conducted in Minnesota, Wisconsin,
Illinois, Michigan, Pennsylvania, and New York.
Trillium spp. are dormant during the fall and winter and appear above-ground,
early to late spring, depending on the particular species. The above-ground
Trillium can be categorized into five different stages based on their life cycle
(Rooney and Gross 2003). Research focused on Trillium stage-class distributions
and browse rates has employed study areas that differed in plot size and forest
type (i.e. fragmented vs. pristine vs. those with deer exclosures). The studies all
employed similar methods of creating study plots that were subdivided into
smaller grids. However, some studies varied their plot sizes according to Trillium
density (Anderson 1994; Augustine and Jordan 1998; Augustine and DeCalesta
2003; Knight 2003) whereas some studies kept plot sizes consistent among sites
(Kirschbaum and Anacker 2005; Rooney and Gross 2003). Consistency of plot
sizes may have the benefit of less bias among sites, but may also decrease the
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accuracy of results and conclusions as a result of differences in sample sizes. As
a result of these conflicts, it seems that it would be best to create study sites in
areas that have similar Trillium densities. Augustine and DeCalesta (2003)
suggest a study area size of 10- to 100-ha forest stands to reduce the variability
between forests resulting from differences in forest canopies, deer populations,
and Trillium populations.
All of the above-mentioned studies measured Trillium demographics (i.e. size,
stage-class, and browse classification) at the beginning of the growing season
(early to late spring), when they first emerged, and again at the end of the
season before they entered into dormancy (late August). With the exception of
Anderson (1994), studies have used stage-class distribution measurements to
determine deer foraging impacts (Rooney and Waller 2001; Augustine and
DeCalesta 2003; Knight 2003; Rooney and Gross 2003; Kirschbaum and
Anacker 2005). Browsed plants will be reduced in size in the following growing
season and therefore may appear to be a smaller stage-class than their actual
age would suggest (Rooney and Gross 2003). This fact makes it nearly
impossible to determine if a plant has been browsed or is simply a younger plant
and makes stage-class distributions a better indicator of deer impacts (Rooney
and Gross 2003).
When deer browse Trillium spp., they remove all of the leaves and flowering
parts (when present) of the plant therefore leaving a clean-cut, erect stem minus
the foliage (Anderson 1994; Augustine and DeCalesta 2003; Knight 2003;
Rooney and Gross 2003; Kirschbaum and Anacker 2005). Deer have a greater
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preference for the plants that are reproducing and in larger stage-classes (Knight
2003; Knight 2007; Knight et al. 2009). Reproducing plants are larger and take at
least fifteen years to get to this stage (Augustine and DeCalesta 2003; Rooney
and Gross 2003). This preference is causing a greater impact on the Trillium spp.
than it would if deer were eating plants in all stage-classes. Selection for larger,
reproductive plants decreases the overall population size as well as the number
of reproducing individuals (Rooney and Waller 2001; Knight 2003; Augustine and
DeCalesta 2003; Rooney and Gross 2003). Knight (2003) studied the timing
impacts of deer browsing on Trillium spp. She found that plants browsed early in
the season were more likely to take longer to recover in following seasons
because photosynthesis was severely truncated (Knight 2003). Deer browsing
pressure, if sustained, has the potential to set the Trillium spp. populations in a
steady decline (Rooney and Gross 2003). Further research by Knight et al.
(2009) found that a browsing pressure threshold of 15% or greater on large 3-leaf
and reproductive Trillium spp. in the population would set the population in
decline and possibly lead to its local extinction. These results demonstrate that
deer foraging can alter the composition of the forest ecosystem.
The above-mentioned studies support the hypothesis that Trillium spp. are
negatively affected by deer and thus may be useful as an indicator species.
However, the use of this index alone may prove inadequate in some
management areas as a result of other confounding variables involved. These
include: hunting pressure, forest fragmentation, soil type, climate, presence of
alternative food sources, time of year, etc. (Augustine and Jordan 1998;
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Augustine and DeCalesta 2003; Kirschbaum and Anacker 2005). Hunting
pressure and forest fragmentation are the most influential of these variables
(Augustine and DeCalesta 2003). Deer densities vary with hunting pressure.
Deer densities will be higher in unhunted areas and will therefore create a
greater impact on the forest ecosystem. Forest fragmentation allows deer to
migrate between forest stands. This migration creates the management problem
of keeping deer densities at a size that each forest can sustain.
Ohio’s forest types, Trillium spp. compositions, and white-tailed deer
management problems are comparable to those in the reviewed studies. Based
on the results of these studies, one would predict that Trillium spp. can be used
to determine deer impacts in Ohio.
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III. METHODS
DEER POPULATION GROWTH AND LANDSCAPE ANALYSIS
To determine deer population growth rates for populations in Five Rivers
MetroParks, I obtained deer population estimates for Englewood/Aullwood,
Germantown, Shiloh woods, and Taylorsville. These estimates are the product of
aerial FLIR surveys that had been completed by Davis Aviation (unpublished
report) for the years 2003-2005, and 2007. All surveys were performed in late
winter/early spring. No data were available for 2008. I also obtained deer culling
data from those same parks. These data included the gender of the culled deer. I
estimated the deer population densities from the aerial surveys (for which I did
have data available) and used the culling data to estimate deer densities for the
years (i.e. 2006 & 2008) that data were unavailable.
I examined how surrounding land use and land cover might have influenced
deer population growth rates. I did not perform any statistical analyses on land
use, as there were too few parks in my study to provide robust predictions for
other parks. However, I did obtain aerial photographs from Five Rivers
MetroParks (see appendix J). These were used to describe and classify land
cover types immediately bordering each park. I delineated the borders of each
park. I then visually created a 1 km buffer for the entire park. Within this buffer, I
identified different land use categories (i.e. rural, residential, mixed
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(rural/residential), and commercial). Once all of the land was categorized, I
divided the area of each category by the area of the entire park. This gave me
the percentage of each land use category surrounding each park. I then
compared the deer population growth rates to the percentage of each park’s
surrounding land use classifications to suggest whether land cover types may be
a tool used in future studies to predict population growth.

INDICATOR SPECIES ANALYSIS
To determine browsing rates on indicator species, I identified MetroParks that
contained Trillium grandiflorum and/or Trillium flexipes populations. Study sites
were established at Englewood, Germantown, Shiloh, and Taylorsville
Metroparks (see appendix K). While Germantown’s deer population appeared to
have little impact on vegetation, its importance in this study was to use it as a
comparison to the other three parks.
In mid April 2009, I located Trillium populations within the selected parks. In
SW Ohio, this is when the Trillium first start to emerge and become conspicuous
(either due to their size and/or presence of flowers). I looked for sites that were
large enough in terms of number of Trillium present (i.e. 25 ± 10 Trillium plants
per plot, with each plot 1 - 4 m! in size; 5 - 8 plots per site, spaced 10 - 20 m
apart). Other sites were chosen based upon recommendations from MetroParks
staff. These sites were said to have known Trillium populations that met the
space and population criteria mentioned above.
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I sampled plants using a variable plot method. As mentioned above, my goal
was to have at least 25 ± 10 plants per plot. Plots were 1-4 m!, and varied
depending on the number of plants present in the plot area. There were eight
plots per site. Spacing between plots varied according to the size of the Trillium
population at each site. Sites where Trillium were more numerous and covered
larger areas had greater spacing between plots than sites where the plants were
either more tightly spaced or fewer in number. The number of sites per park
varied from 1 at Shiloh (Trillium flexipes), to 2 at both Englewood/Aullwood
(Trillium grandiflorum) and Germantown (both Trillium grandiflorum and flexipes),
and 3 at Taylorsville (Trillium grandiflorum). This variability was due to timing
constraints in terms of setting up and monitoring sites. The site requirements, as
well as timing and availability constraints, further limited my research by making it
impossible to make site selection random.
Once sites were selected, plots were established in early May 2009. Flags
were placed beside enough Trillium plants to constitute one plot (25 ± 10 plants).
When enough plants were flagged, a plastic tent stake was placed at each of the
four corners of the plot. An aluminum plot tag was then attached with wire to one
of the stakes in the plot. Each plot tag was marked (using a pencil or pen) with
the park name, site number, and plot number. In addition, the coordinates of the
plot were captured using GPS and then entered into ArcView GIS to make the
location of the plot easier during subsequent observations. Flagging tape was
tied to a branch above the plot to further mark its location.
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Within each plot, the total number of Trillium were counted, and the browse
status (i.e. browsed or unbrowsed) of each plant was recorded. To do this, twine
was tied around the tent stakes to form a “square” around the plot. This gave the
observers clear boundaries within which to count the Trillium plants in each plot.
A plant was considered as being inside the plot area if it was either clearly within
the area or was right on the border (twine line) of the plot. Once the plot was
roped off, any unflagged Trillium plants were flagged. The flags were placed next
to plants that had been browsed and unbrowsed plants that had at least 3 leaves.
Flagging made it easier to: 1) ensure that every plant within the plot was counted,
and 2) prevent double-counting an individual plant. Another advantage of this
method was that it allowed one observer to monitor the plot when a second
observer was unavailable. Once all of the plants were marked, the plot was
scanned again to ensure that no plants were missed due to being small, under
foliage, and/or hidden by another plant. When we were sure that all of the Trillium
plants had been flagged in the plot, we removed the flags. The flags that marked
the browsed stems were removed first. These flags were counted and the
number was recorded on the data sheet. The remaining flags were removed,
counted, and the number was recorded as unbrowsed on the data sheet. To
ensure that no flags were missed during removal, the total number of flags was
counted before and after they were placed in a plot. This step was further
deemed necessary as there were some plots in which other plants were either
more numerous or larger than the Trillium plants. This was an obstacle that made
it difficult to see all of the flags within the plot, especially later in the season as
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vegetation grew taller. When all of the steps above were completed, the twine
was removed from the stakes.
All of the sites were visited at least two times in the 2009 season which lasted
until August when Trillium senesce (Rooney and Gross 2003). The number of
browsed and unbrowsed Trillium was recorded for each plot at each subsequent
visit. I attempted to survey 100 plants per population (site). Browse data taken at
the end of the season were used in comparison to the browse data taken at the
beginning of the season (Rooney and Gross 2003). I used this comparison to
determine the percent browsed of the population.

STATISTICAL METHODS
All of the available aerial survey data and deer culling data for each of the four
parks were compiled (appendix A) for each year from 2003-2008. The aerial
FLIR survey reports compiled by Davis Aviation consisted of four sets of
numbers: 1) inside of park confirmed deer counts, 2) inside of park possible deer
counts (these were objects spotted by the infrared sensor that may have been
but could not be confirmed as deer), 3) outside of park confirmed deer counts,
and 4) outside of park possible deer counts (see appendix I). The distance within
which the subjects are considered “outside” the park boundaries is unknown.
Davis Aviation denotes a confirmed deer visual as a red dot on the map (see
appendix I). Unknown animals that are similar in size to a deer, but are not
clearly deer, are denoted as possible using gray or yellow dots. Blue dots denote
domestic animals such as cattle, sheep, or horses and are generally larger and
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warmer than deer heat signals on the radar (Davis Aviation unpublished report).
In addition, deer data from Five Rivers MetroParks included the aerial data (from
Davis Aviation) of inside confirmed deer counts as well as the deer that were
within 366 m outside of the park boundaries. These differences in census
methods made it necessary to compare the different sets of data separately to
see if they were correlated or not. Therefore, I compared three different census
methods: 1) Davis Aviation confirmed deer counts within the parks, 2) Davis
Aviation confirmed plus possible deer counts within each park, and 3) Five Rivers
MetroPark’s data which consisted of Davis Aviation’s confirmed deer counts plus
any deer that were within 366 m of the park’s boundaries (as seen on the aerial
surveys).
I first calculated the annual growth rate (R) for each park in each year, using
the formula R = N(t+1)/N(t) where N is the number of individuals and t is the year.
I then calculated a population estimate for 2006 by computing the geometric
mean of the average growth rate (R) from the 2003 to 2005 populations. These
calculations were done for each of six data combinations: 1) Davis confirmed
with culling, 2) Davis confirmed without culling, 3) Davis confirmed + possible
with culling, 4) Davis confirmed + possible without culling, 5) Five Rivers
MetroParks data with culling, and 6) Five Rivers MetroParks data without culling
(appendix B). The ‘without culling’ data were calculated by adding the culling
numbers from the prior year to the current year and dividing by the deer estimate
from the previous year. For example: (2004 deer estimate + deer culling numbers
from 2003)/ 2003 deer estimate = data without culling.
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Regression Analysis of Deer Population Estimates vs. Culling Rates
To determine if there was a relationship between the deer population estimate
per park and the number of deer culled per park, I compared the population
estimates per park per year to culling data per park per year using linear
regression analysis. If the culling was zero for a park for a given year, the data
for that park during that year was omitted. Data was analyzed for all three census
methods although only two (Davis confirmed + possible and FRMP) were used in
comparison to each other. I compared only the Davis confirmed + possible and
FRMP data because they were similar census methods in that they added in
some uncertainty (i.e. outside/possible deer counts). The resulting regression
equations were used to obtain deer population estimates for 2008 (when census
data were incomplete) based on the number of deer culled. These data were
then calculated for 2007 to 2008 following the methods above. All of the resulting
2008 data were used in the statistical methods described below.
I performed correlation analysis to determine whether or not there was a
direct relationship among the population estimates given by the three different
census methods. The combinations were: 1) Davis confirmed vs. Davis
confirmed + possible, 2) Davis confirmed vs. Five Rivers MetroParks (from here
on referred to as FRMP), 3) Davis confirmed + possible vs. FRMP.
I analyzed changes in deer populations in each park over time by first
obtaining the deer population estimate per square mile per park per year. This
was done by using the following equation:
Deer/mi! = (# of deer in park/ # of acres in park) * (640 acres/1 mi!)
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Data included the years 2003-2008. I conducted one analysis per park using
the Davis confirmed + possible deer data. The Davis confirmed + possible data
was used because it was a consistent method of determining deer densities
(while adding in the uncertainty of the possible deer counts) where the FRMP
data was a method that may vary among different management practices. In
addition, I calculated the percent change of each park’s deer density using the
equation percent change = (B-A)/A* 100 where A (i.e. 2003) is the beginning
deer density and B (i.e. 2008) is the ending deer density.
I next compared the deer population growth rates (R) per park through time
for two of the census methods, Davis confirmed + possible and FRMP. The
purpose of this analysis was to illustrate the differences between the census
methods as well as the differences between the data with culling and without
culling.
To determine whether or not there were gender differences between deer
culled by rangers and those culled by bowhunters the number of culled male and
female deer were tallied separately for bowhunters and rangers. Culling data for
all four parks from 2003 to 2008 was pooled and analyzed using a chi-square
test. The culled deer of unknown gender were excluded from the analysis to
avoid any undue deviations in the final tallies for each gender.
Regression analysis was used to determine whether or not there was a
relationship between the percent of Trillium browsed per park and the deer
population estimate for each park. To determine browse rates, I first tallied the
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starting (i.e. day 1, plot set-up) number of browsed and unbrowsed Trillium plants
per site to get the total number of Trillium in that site.
Total Trillium per site = browsed (start) Trillium + unbrowsed Trillium.
I then added the beginning and ending (not including the plants browsed in
the beginning) number of browsed Trillium per site to get the final browse total.
Final browse total = browsed Trillium (start) + browsed Trillium (end)
Next, I divided the final browse total by the total Trillium (from the first sample)
per site to get the percent browsed per site.
% Trillium browsed per site = final browse total/ total Trillium per site
I performed each of these calculations for each site at each park. Once the
browse rates were determined, I analyzed the relationship between 2008 deer
population estimates per park and the corresponding 2009 Trillium browse rates.
Each site was a separate data point. I used the 2008 deer population estimates
(from the Davis confirmed + possible deer estimates) here as there were no deer
population estimates performed in 2009. A 15% browse rate was used as a
critical threshold (Knight et al. 2009). As mentioned above, I analyzed the
relationship between deer densities and browsing pressure using Trillium as an
indicator of browsing pressure. This analysis allowed me to evaluate the utility of
the 15% browse threshold in study sites other than the original (in Pittsburgh)
(Knight et al. 2009).
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IV. Results
DEER POPULATION ESTIMATES VS. CULLING RATES
Based on regression analysis, the number of deer culled increased as the
deer population estimate increased (Fig. 1). Here, I compared the deer
populations to culling rates per park per year (appendix C). I performed this
analysis for all three census methods, but I am only comparing two (Davis
confirmed + possible and FRMP). The Davis confirmed + possible deer
population estimates were correlated with the number of deer culled per park per
year. The correlation was statistically significant (r! = 0.0.481; P < 0.01).
Similarly, the FRMP deer population estimates were correlated with the number
of deer culled per park per year. The correlation was statistically significant (r! =
0.466; P < 0.01). Due to the significance of the correlations for all three census
methods, the equation was able to be used to estimate the deer population for
2008 for each census method (the deer density estimates for 2008 were then
able to be added to subsequent calculations). The r! values, with the addition of
the 2008 deer population estimates, were also statistically significant for each
census method at r! = 0.534 (P < 0.01) for Davis confirmed + possible data and r!
= 0.521 (P < 0.01) for FRMP, respectively.
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Figure 1. Regression analysis of the number of deer culled as compared to the deer population
estimate. Graphs include data from all four parks for the years 2003 to 2008.
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DEER DENSITY
Based on regression analysis (Fig. 2), all three deer population census
methods were significantly and directly related to one another. I compared the
three different census methods that supplied deer population estimates for the
parks in which I did my research (appendix D). Davis confirmed + possible deer
estimates were higher than Davis confirmed estimates by two deer per park. The
FRMP deer estimates were higher than both Davis estimates (9 more than Davis
confirmed and 7 more than Davis confirmed + possible). The R! values ranged
from 0.9486 (P < 0.01) (Davis confirmed vs. FRMP data) to 0.998 (P < 0.01)
(Davis confirmed vs. Davis confirmed + possible).
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Figure 2. Interrelationships of three deer population census methods, based on regression
analysis. Each data point represents one park in one year. FRMP, Davis Confirmed, and Davis
Confirmed + Possible are defined in the methods section.
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Regardless of the increase in deer densities experienced by the four parks
from 2006 to 2007, all of the parks (with the exception of Englewood)
experienced lower deer densities in 2007 as compared to those in 2003 (Fig. 3). I
analyzed the deer populations at four metroparks for the years 2003 to 2008
(appendix E). I used deer population estimates per square mile for each park.
Englewood, a 1,956 acre park, had population estimates as low as 4.3 deer/mi2
in 2006, to as high as 28.5 deer/mi2 in 2004. The deer density in Englewood
increased from 2003 to 2004, declined from 2004 to 2006 and sharply increased
from 2006 to 2007, then decreased again from 2007 to 2008. Germantown, a
1,534 acre park, had population estimates as low as 6.3 deer/mi2 in 2006, to as
high as 41.7 in 2003. The deer density in Germantown decreased from 2003 to
2006 and sharply increased from 2006 to 2007, then decreased from 2007 to
2008. Shiloh, a 328 acre conservation area, had population estimates as low as
1.2 deer/mi2 in 2006, to as high as 52.7 deer/mi2 in 2008. The deer density in
Shiloh decreased from 2003 to 2006 and sharply increased from 2006 to 2008.
Taylorsville, a 1,312 acre park, had population estimates as low as 13.7 deer/mi2
in 2006, to as high as 54.1deer/mi2 in 2003. Similar to both Germantown and
Shiloh, Taylorsville’s deer density steadily decreased from 2003 to 2006 and
sharply increased from 2006 to 2007, then decreased again in 2008 (unlike
Shiloh). Overall, Englewood’s 2007 deer density decreased by 4.9%,
Germantown’s decreased by 63.1%, Shiloh’s increased by 3.9%, and
Taylorsville’s decreased by 60.3%.
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Figure 3. Deer density (deer/mi!) per park through time based on the Davis Confirmed + Possible
data. All graphs exhibit a line for the desired deer density, 20 deerk/mi!, as a comparison.
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GROWTH RATE (R)
The Davis Aviation data (inside park only) exhibited higher growth rates (9 out
of 20) than FRMP’s growth rates (which were higher 8 out of 20 sets of data)
(Fig. 4; appendix F). This is interesting due to the fact that FRMP deer density
estimates were higher than those of Davis Aviation in all years in all parks.
However, there were generally greater differences in the Davis Aviation deer
density estimates from year to year for each park, as compared to the yearly
differences in FRMP deer density estimates. I analyzed the growth rates (R) for
each of the parks through time for two of the census methods, Davis confirmed +
possible and FRMP. For each of the census methods, I also compared the
growth rates with and without culling. For Englewood, all of the growth rates
declined from 2004 to 2006 and increased from 2006 to 2007, then decreased
from 2007 to 2008. Both census methods, and therefore sets of data, had similar
growth rates through time. Germantown’s growth rates all increased from 2004 to
2005, decreased from 2005 to 2006, and increased again from 2006 to 2007,
then decreased from 2007 to 2008. Here, the ‘without culling’ growth rates were
higher from 2004 to 2006 than the ‘with culling’ growth rates. Shiloh’s growth
rates mostly decreased from 2004 to 2005 and increased from 2005 to 2007,
then (with the exception of FRMP ‘with culling’) decreased from 2007 to 2008.
Here, the Davis confirmed + possible growth rates were much greater in 2007
than FRMP’s growth rates during 2007. Taylorsville’s growth rates were similar to
those of Germantown’s in that they increased from 2004 to 2005, decreased from
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2005 to 2006, and increased again from 2006 to 2007, then decreased from
2007 to 2008. In addition, the 2007 growth rates for Davis confirmed + possible
data were much greater than FRMP data in 2007.
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Figure 4. Annual deer population growth rates from 2003-2007 in four parks, observed with and
projected without culling, based on two census methods.
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SEX BIAS IN CULLING
Based on chi-square analysis, there was a female bias of culled animals (350
females vs. 147 males, chi-square = 43.22; P < 0.001) (appendix G). I analyzed
the differences in the gender of deer culled by the bowhunters as compared to
those of the rangers. The bowhunters culled 67 (71%) females and 28 (29%)
males between 2003 and 2008. The rangers culled 283 (70%) females and 119
(30%) males in the same time period. The gender culled by the bowhunters was
not significantly different than the gender culled by rangers (chi-square = 2.35, df
= 1, p = 0.13).

LAND USE ANALYSIS
All of the parks, with the exception of Shiloh, were bordered by at least 50%
rural land. I categorized the land use surrounding each metropark in order to
compare the land use to the deer population growth rates.
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TRILLIUM BROWSE RATES
Based on regression analysis, the Trillium browse rates and the deer
population estimates were not significantly and directly related to one another (r!
= 0.32: P < 0.14) (Fig. 5). I analyzed the percent of Trillium browsed per park as
compared to the deer population estimate for each park (Fig. 5; appendix H).
Most of the browse rates fell below the threshold of 15% Trillium browsed. The
browse rates were as follows: Englewood site 1 had 0% (0 browsed out of 193
plants), Germantown 3% (6 browsed out of 177 plants) (site 1) and 10% (19
browsed out of 197 plants) (site 2), and Taylorsville 2% (3 browsed out of 180
plants) (site 1), 12% (23 browsed out of 185 plants) (site 2), and 5% (5 browsed
out of 99 plants) (site 3), respectively. The exceptions here were Shiloh with a
99% (150 browsed out of 152 plants) browse rate and the lowest deer population
and Englewood site 2 (Aullwood) with a 19% browse rate and the highest deer
population.
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Figure 5. Percent of Trillium stems browsed in 2009, based on the estimated 2009 late
winter/early spring deer population. Deer population estimate was generated using y = 1.1647x +
16.111 from the regression analysis used for Fig. 4. The dashed line indicates the hypothesized
percentage of plants that can be browsed without adversely affecting the population, based on
Knight et al. (2009).
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V. Discussion
DEER POPULATION ESTIMATES VS. CULLING RATES
The number of deer culled was positively correlated to the deer population
estimate (Fig. 1). FRMP uses the general rule of culling any deer that exceed 20
deer/mi!. An interesting note here is that the Davis confirmed + possible deer
numbers, along with FRMP’s culling rates (i.e. based on FRMP deer density
estimates), is slightly more correlated with the number of deer culled (r! = 0.533;
P < 0.01) as compared to FRMP’s deer population estimates (r! = 0.521; P <
0.01).
CENSUS METHODS AND DEER DENSITY
The highly significant r! values in all three comparisons of the census
methods suggests that either method (i.e. Davis Aviation confirmed, Davis
Aviation confirmed + possible, and FRMP data) of estimating the deer population
densities would yield similar results. However, in areas as small as Shiloh, the
small differences in deer population estimates can greatly impact (e.g. by either
overestimating or underestimating) the culling rates used by a management plan.
Here, overestimating deer densities may lead to the culling of too many deer and
may severely devastate the population. Underestimating deer densities may lead
to a management team culling too few deer and may allow the population to
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increase to a size that the habitat cannot support. As mentioned before, whitetailed deer are a keystone species, therefore their population densities have to
be kept at a balance that allows them to benefit their habitat (e.g. disperse
seeds) without harming it (e.g. alter future canopy composition) (Waller and
Alverson 1997; Gill and Beardall 2001; Scheffer et al. 2001; Augustine and
DeCalesta 2003; Rooney and Waller 2003; Ripple and Beschta 2005).
All of the parks experienced a steady decline (with the exception of
Englewood in 2004) in deer densities from 2003 to 2006 (presumably as a result
of culling efforts) an increase in 2007, and a decrease again in 2008 (with the
exception of Shiloh). The increase is unexpected as it is drastic and it is after
several years of culling the deer herds in these parks. The increase may be
explained by the decreasing deer density estimates obtained from the census
methods from 2003 to 2006, which resulted in a decrease in culling rates. If the
deer density estimates were inaccurate, the culling rates may have been too low
to meet the culling needs of each park. The culling rates are discussed in more
detail below. While most of the parks had lower deer density estimates in 2008
than 2003 (regardless of the increase in 2007), Shiloh’s deer density estimates
actually increased by 3.9% since 2003. These results could be due to several
factors. A main factor may be that the aerial FLIR surveys were only performed
on one night per park per year. This could increase the bias of the deer density
estimates. In comparison to other studies that employed the use of aerial FLIR
surveys, the surveys performed for Five Rivers Metroparks were not performed
often enough to get an unbiased estimate. A study by Drake et al. (2005)
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incorporated the use of three separate FLIR flights in each study area in one
night. Each flight was treated as a separate event as the weather conditions
changed with each flight. Here, an average of the deer counted during each flight
was calculated. Using this method, Drake et al. (2005) found that the difference
between the average number of deer counted between the three FLIR flights was
significant (e.g. Flight 1 avg.: 251, Flight 2 avg. 193, and Flight 3 avg.: 197. The
greatest differences were between Flights 1 & 2 (t = 2.72, 4 df, P = 0.03) and
Flights 1 & 3 (t = 2.29, 4 df, P = 0.04), with no significant difference between
Flights 2 & 3 (Drake et al. 2005). Another study (Potvin and Breton 2005), also
employed the use of three separate FLIR surveys. In contrast, their surveys were
conducted during three different times of year, the first in October, the second in
mid-January, and the third in early June. However, only the first survey provided
useful deer density estimates. The successive surveys were not used because
deer were unable to be detected in mid-January due to the inability of the deer to
emit enough heat for the FLIR to detect, and during the June survey the
researchers encountered technical problems with their FLIR equipment (Potvin
and Breton 2005). The single survey performed for Five Rivers MetroParks may
have only provided a snapshot as to what the deer densities were in those parks
at the time the surveys were performed. This may have skewed the results by not
accounting for deer immigrating and emigrating in and out of the parks’
boundaries. The use of FLIR surveys alone to estimate deer densities could
underestimate the actual number of deer that needed to be harvested from each
park. In 2005 and 2006, all four of the parks had deer density estimates that were
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either slightly above (e.g. Taylorsville had an estimated 21 deer/mi! in 2005) or
well below (e.g. Shiloh had an estimated 1.17 deer/mi! in 2006) the
recommended deer density of 20 deer/mi!. As a result, the number of deer culled
from each park dropped drastically in 2005 and 2006 (e.g. Englewood had 42
deer culled in 2004 and 0 deer culled in both 2005 and 2006). The combination
of the possible bias of the deer density estimate and the resulting significant
reduction in deer culling rates, could very well account for the increase in deer
densities in 2007. Another factor that could be influencing the increase may be
that there was a drastic increase in deer densities either due to surplus food
sources in the parks and/or emigration from outside the park boundaries due to
disturbance or other factors. Smith (1991) suggests that the differences in food
availability found in successional habitats may be responsible for fluctuations in
deer populations. However, the fact that all of the deer densities increased
makes it highly unlikely that all parks experienced similar dynamics outside their
borders in the same year. This suggests that the survey methods and culling
rates are more likely the cause of the drastic increases in deer densities
experienced by all four parks.

GROWTH RATE (R)
The expected result for this comparison was that population growth rates
“without culling” rates would be higher and the “with culling” rates would be lower.
As would be expected, the population growth rate patterns over time are similar
to those of the deer density estimates during the same time period. Again, it is
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likely that FLIR surveys underestimated the deer numbers and, in turn,
underestimated the number of deer that needed to be culled, at least in 2007.
Another factor could be that the culling rates decreased the deer densities to the
extent that more food was available to the remaining deer in 2006-07, thus
providing them with more adequate resources for reproduction and successful
births.

CULLING BETWEEN BOWHUNTERS AND RANGERS
Both bowhunters and rangers culled around 70% females and 30% males.
This ratio is a successfully achieved result of the requirements of FRMP’s
bowhunting and ranger culling programs. Here, more females are culled than
males because females were becoming more numerous than males in previous
years (Mike Enright, FRMP Conservation Biologist, personal communication).
Due to new individuals added as a result of reproduction, populations dominated
by females are more likely to drastically increase than populations dominated by
males. Bowhunters are required to kill a female (or antlerless buck if gender
cannot be determined) before they can kill a buck. In comparison, the ratio of
females to males culled by rangers was not coincidental either. Rangers are also
required to cull more females than males. Even in the absence of these
requirements, it would be surprising if rangers did not cull significantly more
females than bowhunters, as females are more prone to occur together in social
groups and rangers tend to cull more groups than individual deer.
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LAND USE ANALYSIS
The variability among the MetroParks and their surrounding land uses makes
it difficult to determine if there is an association between land use and deer
densities, given the small sample size. However, the interannual variation in deer
densities for parks like Shiloh were predicted. The fact that Shiloh is surrounded
by less rural land and more residential land (38%) than the other parks (with the
exception of Taylorsville, 42% residential) may result in less fluctuations in deer
populations from year to year as there are more barriers to deer movements than
would be found in rural land uses. This may also be an explanation for the
Trillium browse rates in Shiloh (this topic is covered more fully in the following
paragraph). Here, one would expect Germantown to experience the highest deer
population growth rates because there are plenty of alternative food sources
surrounding the park. However, Shiloh’s size and deer densities might make it
more sensitive to any external factors than would be expected with the other
parks. Further studies need to look into these relationships to determine if there
is indeed a correlation between the land use surrounding natural areas and the
deer population growth rates experienced by those areas.

TRILLIUM BROWSE RATES
I hypothesized that more of the browse rates would be above the 15% critical
browse rate and that there would be a correlation between the percent of Trillium
browsed and the deer population estimates. This hypothesis was not supported.
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Several factors may have contributed to the low browse rates. One of these
factors could be due to the timing of the final browse rates. Due to time
constraints and limited staffing, I was unable to check the sites as often as I
would have liked. In turn, many of the Trillium plants had either senesced, been
attacked by bacterial wilt, or were simply ‘missing,’ so that I was unable to
distinguish whether or not they had been browsed or had senesced for the
season. I therefore used the browse rates from the second observations to get a
more accurate picture of what the browse rates may have been.
A main factor to note here is the current lack of large enough Trillium
populations on which to do a research project. When I was scouting out sites
before my field research began, I found it hard to find sites that had enough
Trillium plants to create eight plots per site. The lack of these populations may be
in and of itself an indication of past deer impacts in these parks. Germantown
and Taylorsville MetroParks both had at least three sites where I could perform
my research. However, at Taylorsville the sites were in isolated patches and
therefore could not be evenly distributed throughout the park. In light of this, my
sites only gave an indication of the deer impacts in two areas in Taylorsville. All
three sites occurred either along trails or roads. This may have also affected the
percent of the Trillium browsed in my sites. While Germantown supposedly had
ample Trillium populations (as per personal correspondence with MetroParks
staff), the season was getting late when I began to set up my plots and I could
only establish two sites.
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Conversely, Englewood and Shiloh had very few populations of Trillium. In
Englewood, MetroParks’ staff led me to one site but we were unable to find any
other sites. Due to this limitation and the need to have more sites, the second
site was set-up at Aullwood MetroPark. Aullwood’s close proximity to Englewood
allowed me to consider them as one park and have two sites for this ‘park.’
Another interesting note here is the oddity of site one in Englewood. Here, the
usual plants that surround Trillium (at least in my experience), mayapple
(Podophyllum peltatum), wild ginger (Asarum canadense), and bloodroot
(Sanguinaria canadensis), were not found at this site. In addition, there were
many large, flowering Trillium plants that were left unbrowsed. Instead, the deer
seemed to prefer the yellow avens (Geum aleppicum) and lady’s thumb
(Polygonum persicaria), even as they were right beside the flowering Trillium
plants. Whether or not this is a regular preference is unknown. Another
interesting thing at this site was the oddity of the stems of the Trillium plants.
Most of the large Trillium plants that I encountered in my sites had stem
diameters between 4 to 6 mm, these plants were mainly at the flowering stage.
The stems on the plants at this site had diameters up to 8.4mm, but the leaves
were small in comparison to the leaves of Trillium with smaller stem diameters.
The stems were also somewhat curled/twisted and the leaves had purplish
blotches on them. Whether or not these oddities were due to the soil, disease, or
possibly the result of some type of hybridization is unknown. Whatever was
occurring in the Trillium plants at this site seemed to affect their palatability to
deer as this site had a browse rate of 0%. In comparison, MetroParks’ staff
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informed me that there were two adequate sites at Shiloh. However, the second
site had already been completely browsed by the time I attempted to set-up my
plots there. MetroParks’ staff had marked the site in their GIS and we still were
unable to even tell where the Trillium had been. The high browse rates
experienced by Shiloh may be a result of many factors. One factor may be that
deer density was underestimated. Another factor may be that Shiloh is at higher
risk for negative deer impacts because it is surrounded by more residential
areas. This factor may result in greater edge effects on Shiloh and, in turn, less
available food sources for deer outside of the park boundaries.
In addition to all of the above-mentioned factors, some of my plots had to be
omitted from my final count as they were either vandalized (i.e. the plot stakes
marking the corners of my plots had been removed and/or stolen) or were
missing in subsequent observations. The location of missing plots had been
entered into the GIS when they were set-up, but as the GIS was not always
available for use, some plots were either not found or were unidentifiable. Here, I
say ‘unidentifiable’ because the tags on some plots had been gnawed on (mostly
likely by a raccoon or similar animal) to the extent that the plot id could not be
distinguished. Although these occurrences were minor, they affected the total
amount of plants that could be factored into my browse rates.

FUTURE DIRECTIONS
Differences between Davis Aviation’s deer population estimate and FRMP’s
deer population estimates are very small. As illustrated in Figure 1, the data
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created by each census method was highly correlated (R! = 0.9617). Due to
these high correlations, it is unknown whether or not there would have been
differences in the culling success if Davis Aviation’s ‘inside park’ data alone was
used. Aside from the increase in deer population densities (and therefore growth
rates) in 2007, the current deer management program appears to be successful
at controlling the deer densities in the MetroParks studied here. The actual Davis
Aviation data from 2008 (rather than the estimates from cull data) may have
provided a better picture of whether or not the 2007 increases in deer
populations was an ongoing trend or an oddity that is not representative of the
culling success within the parks.
There were many inconsistencies in the deer culling data. This quality control
problem severely limited the types of statistical analyses that I was able to
perform. While some data was very thoroughly recorded (i.e. in terms of the
gender and location of culled deer), important information concerning the ‘type’ of
deer that were culled was missing. As required, the bowhunters kept excellent
records on the gender, age, start and end time, and location of the deer that they
culled. In contrast, the data from the ranger hunts was mostly incomplete. Most
of the ranger data lacked the age and gender of the deer. In terms of gender,
bucks seemed to be recorded when they had antlers. In some cases, rangers
culled from more than one park in a single night. When this occurred, it was
common for their recorders to use the same data sheet. This made it difficult to
distinguish which deer were culled from which park. In addition, the start time of
hunts was usually recorded but the ending times were not. This made it
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impossible to analyze the number of deer killed per unit of effort. In defense,
most often the rangers were culling a large (i.e. 5 or more deer) amount of deer
in a short amount of time. This may have made it difficult to record all of the
necessary data. However, if the data are to be useful in a successful
management plan, they should be complete for both rangers and bowhunters
alike. In light of the issues I ran into with the deer culling data, there is a definite
need for a consistent method of recording the data. If necessary, extra staff
should be assigned to assure that the necessary data are recorded at each hunt.
There were limitations associated with the deer census data as well. These
obstacles included, but were not limited to, differences in census methods from
year to year, differences in converting raw data to deer numbers, inconsistencies
in which parks that were included in the deer density surveys, etc. In the future,
management efforts should be focused finding a set method for estimating deer
densities within the parks. If budget or personnel constraints are an issue, the
census method should be one that takes this into account. Here, hair snares and
pellet-group counts may be an economical alternative to aerial FLIR surveys.
Hair snares, when checked regularly, may also have the advantage of requiring
less staff and/or volunteer time (because transects are not used) and training. In
addition, with the declining cost of DNA fingerprinting, hair snares could further
be used for genetic testing and to distinguish among individual deer. Distance
sampling may be another alternative. However, as with any census method, it is
absolutely necessary to make sure that all observers are fully trained and
understand the methods that they are performing. In addition, there needs to be
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a consistent way to record data and supervision to ensure that the data are
complete and accurate. Besides being more economically feasible, census
methods such as hair snares, pellet-group counts, and distance sampling employ
(or should) a sufficient sample size from which a robust estimate can be
determined. This alone is an improvement over aerial surveys as they were only
taken on a single night per park per year (mainly due to financial limitations). This
method of surveys supplies researchers with only a ‘snapshot’ of the deer
population within the parks. As mentioned before, this factor may have been the
cause of the drastic increase in deer densities in 2007 surveys.
I predict that the land use surrounding each MetroPark greatly influences the
management issues encountered within it. If deer have corridors that they use to
escape management strategies or even to lead them to an alternate food source,
there will be a negative effect on how their densities are managed. On the other
hand, surrounding areas may facilitate culling success by keeping deer in the
MetroParks and within management’s jurisdiction. Due to time constraints, I was
unable to perform an actual land use analysis for the MetroParks. However, I feel
that the incorporation of land use, along with deer density estimates, in a
management plan would provide a more accurate estimate for sustainable deer
densities in each park. I suggest this as there is no one method that works for all
areas. The general rule of 20 deer/mi! is not adequate enough in a management
plan. This is seen in the fluctuation in deer densities after years of culling efforts.
Each MetroPark has different land uses, food availability, hunting efforts, etc. that
all play a part in how well deer are managed. Land use analysis in a
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management plan may be the key to providing a more accurate and appropriate
deer densities for an area. Any deer exceeding the suggested density will be
culled from the herd. Over time this practice will ensure the conservation (in
terms of deer impacts) of each MetroPark’s flora and fauna, and possibly
decrease deer impacts (in terms of vehicle collisions and the spread of disease)
outside park boundaries.
While Trillium studies have found them to be a useful index elsewhere, they
are not numerous enough in the MetroParks to provide an accurate picture of the
deer impacts in those parks. Future studies should seek to use a browse
sensitive species (preferred by deer) that is more broadly and evenly distributed
throughout the parks (e.g. Uvularia spp. and/or Polygonatum spp.).
The integration of land use analysis and a more widely distributed plant as a
browse index will likely serve as a useful tool in the management of deer
populations in the MetroParks. In addition, sensitivity analyses should be used
for each MetroPark to determine which variables have the most influence on the
parks and the management practices necessary to control those variables.
To my knowledge, the combination of these methods has not yet been employed
in past management strategies for the parks or any other area for that matter.
These tools will more adequately take into account the many factors that affect
and characterize each MetroPark and the resulting individual management
issues that are encountered in those parks.
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Aerial Infrared Deer Count Report
Five Rivers MetroParks
11 Parks
21 April 2003
The Five Rivers MetroParks listed below were the subjects of aerial infrared (IR) deer count flights on the
dates noted. The IR imaging conditions were good to excellent during the counts. Additional details can be
found in the analysis notes below.
This report package includes this written report, VHS videotapes of the raw infrared imagery of the count
areas, map printouts of the deer count and dispersion within and near the count areas and a copy of each
map in .jpeg format on CD-ROM. Deer and possible deer are noted on the maps by dots of different colors.
Deer are red and possibles are gray. Occasionally, domestic animals such as horses or cattle are marked as
blue. The dots representing animals cover an area approximately 40-60 feet in diameter on the maps so they
can be seen and printed easily.
Results:
METROPARK
1/15/2003
Carriage Hill
Huffman
Hills and Dales
Opossum Creek
Shiloh Church
Sugar Creek
Twin Creek

Acres

DEER
Inside/Possible // Outside/Possible

900
285
50
555
200
600
970

55
15
9
31
24
73
26

/
/
/
/
/
/
/

3
1
1
1
2
4
4

//
//
//
//
//
//
//

13
16
10
9
6
25
6

/
/
/
/
/
/
/

2
0
1
0
0
2
2

1/16/2003
Germantown

1490

97 /

3

//

33

/

2

3/17/2003
Taylorsville
Englewood
Cox Arboretum

1315
1960
185

111 /
61 /
0 /

0
2
0

//
//
//

58
33
0

/
/
/

0
1
0

The aerial infrared imaging flight for these seven parks was conducted between 1911 and 2323, 15
January 2003. Imaging conditions were good. Surface winds were from 260 to 280 degrees at about five
miles per hour, with winds at the imaging altitude of 1500 feet above ground level (AGL) about the same.
The ground was 100% covered with an unknown depth of fresh snow. Average air temperature was –12
deg. C. The sky was clear and there was no significant turbulence.

Example of FLIR aerial report by Davis Aviation in 2003.
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*

Example of IR map from aerial FLIR surveys. This is an aerial map of Shiloh in
2003.
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APPENDIX J
LAND USE ANALYSIS AERIAL MAPS
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Aerial map of Englewood MetroPark. (Five Rivers Metroparks Conservation
Efforts 2010)
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Aerial map of Germantown MetroPark. (Five Rivers Metroparks Conservation
Efforts 2010)

78

Aerial map of Shiloh Woods. (Five Rivers Metroparks Conservation Efforts 2010)
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Aerial map of Taylorsville MetroPark. (Five Rivers Metroparks Conservation
Efforts 2010)
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APPENDIX K
TRILLIUM RESEARCH SITES

Park Map of Englewood MetroPark. Trillium study sites are denoted with arrows,
red for site 1 and yellow for site 2.
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Park map of Germantown MetroPark. Trillium study sites are denoted by arrows,
red for site 1and yellow for site 2.

82

Park map of Taylorsville MetroPark. Trillium study sites are denoted by arrows,
red for site 1, yellow for site 2, and green for site 3.
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